For t he fiv e dimethylcyclopen tanes, values are presented fo r the followin g t herm odynamic properties to 1,500° K : heat content fun ction , free e nergy funct ion, entropy, heat content, heat capacity, h eat of form ation from the elements, free energy of form ation from the elements, and logarithm of th e equilibrium co nstant of format ion from t he clements. E quilibrium constants and concentrations are give n in tabular and graphi cal form for some reactions of isomerization.
I. Introduction
As part of the work of the American P etroleum Institute R esearch Proj ect 44 at t he National Bureau of Standards and t he University of California , values have been compiled for the thermodynamic properties in the gaseous state to 1,500 oK of the heat content function, free energy function, en tropy, heat content, heat capacity, hcat of formation, free energy of formation, and logarithm of the equilibrium constant of formation for the five dimethylcyclopentane. Calculations have also been made of the fre e energies and equilibrium constants of some reactions of isomerization.
II. Constants
The values of the cons tants u cd in the pre cnt calculations ar c t he same as in the previo u report [1) . 6 
III. Heat Content Function, Free Energy
Function, Entropy, Heat Content, and Heat Capacity
For the dimethylcyclopen tanes, the available thermal, spectroscopic, and other molec ular data 1 ' rhis im' estigation was performed as a part of the work of t he American Petroleum Institute Research P roject 44 at the National Bureau of Stall dards and the Unil' ersity of California.
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• are either insufficient or t oo u ncel'tain to pcrmit a satisfactor y statistical treatment at the present time. Howeyer , the thermod ynamic functions may be calculated by adding the neces ary incr ement to the con espondinO' function of methylcyclopentane, for which the appropriate value have ah'eady been calculated [2) .
For the calc ulation by the method of increment, the following equation was u cd :
+ G(methyl) +2 G(restricted ro tation of methyl group with appropriate barl'ier)-2G(restricted rotation of methyl group with barrier as in methylcyclopentane).
(1) In eq 1, G r eprese nts the contribu tion to the heat content function , the fr ee ener gy function , or the heat capacity, the entropy and heat conten t being simply derived from these functions. In calculating the contribution of t he restricted rotation of the methyl group in methylcyclopentanc, the barrier was taken to be 3, 600 cal/mole [2) .
The barriers res tricting the internal rotation of the methyl groups in the dimethylcyclopcntanes have been chosen to fit the lmown entropies of 1,I-dimethylcyclopentane, cis-l ,2-dimethylcyclopentane, and trans-l ,3-climethylcyclopentane [3) . These barriers are 5,320, 4,680, and 4,360 call mole, r espectively. For trans-l,2-dimethylcyclopentane and cis-l ,3-dimethylcyclopentane, the barriers were taken to be equal to that in trans-l ,3-dimethylcyclopentane. The barrier restricting ring puckering for all of the dimethylcyclopentane isomers is taken unchanged from that in methylcyclopentane [2] . The term G(methyl) represents the contribution of a methyl group with a barrier to internal rotation of 3,600 cal/mole and is calculated from the following relation:
where the term G(cyclopentane) includes all contributions to that function for cyclopentane exclusive of symmetry. From the method of calculation of the function for methylcyclopentane [2], the term G(methyl) is the same as the contribution of a methyl group to the functions for methylcyclohexane with a barrier of 3,600 call mole. This contribution is equal to the difference between the functions for methylcyclohexane and cyclohexane, exclusive of contributions due to symmetry and to equatorial-polar tautomerism [4] . For l,l-dimethylcyclopentane, trans -I, 2 -dimethylcyclopentane, and trans-1,3-dimethylcyclopentane, an additional symmetry term, R In 2, was subtracted from the entropy and the negative of the free energy function. For tmns-l,2-dimethylcyclopentane and trans-1,3-dimethylcyclopentane, a mixing term R In 2 was added to allow for the mixing of equal amounts of the dextro and levo optical isomers. The values tabulated for these two compounds, therefore, are for the mixture of the optical isomers. It will be noted that the mixing term, where applicable, exactly cancels the symmetry term. The resulting values for the heat content function, the free energy function, the entropy, the heat content, and the heat capacity are included in table 1. Where the second decimal place is given, the uncertainty is several tenths of a unit.
IV. Heat, Free Energy, and Equilibrium Constants of Formation
Values for the standard heat of formation at 25° C of the five dimethylcyclopentanes in the gaseous state, from carbon (solid, graphite) and hydrogen (gaseous), are taken from reference [5] .
The method of calculating values of the standard heat of formation, the standard free energy of formation, and the logarithm of the equilibrium 248 constant of formation for the different temperatures in the range 0° to 1,500° K is the same as that described in section IV-1 of reference [6] .
The resulting values for the formation of the given hydrocarbon in the gaseous state, from the elements carbon (solid, graphite) and hydrogen (gaseous), each in its thermodynamic standard reference state, are included in table 1, which gives values of the following properties to 1,500° K: heat of formation, free energy of formation, and logarithm of the equilibrium constant of formation.
V. Free Energies and Equilibria of Some
Reactions of Isomerization
In figure 1 are plotted, as a function of temperature, for the five dimethylcyclopentanes and : ethylcyclopentane, the amounts, in mole fraction, of each of the isomers present at equilibrium with the other isomers in the gaseous state. The corresponding numerical values are given in table 2. In figure 2 are plotted, as a function of temperature, values of the logarithm of the equilibrium constant for the isomerization to methylcyclohexane of ethylcyclopentane and each of the five dimethylcyclopentanes.
::z: The vertical width of a band measures the mole fraction as a function of temperatm e of a given isomer when at equilibrium with all of the isomeric alkylcyclopentanes in the gas phase. The curves give the logarithm of the equilibrium constant as a function of temperature for the following reactions in the gaseous state: OTR" (gas, cthyleyelopentane or a dimethyl_ cyc!opentane) = OTR a (gas, methy!cyc!ohexane).
